We describe adult twin sisters who developed severe adenoviral pneumonia with relative leukopenia, progressive focal infiltrates, shock, and hypoxia. Potential determinants of severe adenoviral disease are discussed.
Adenoviruses cause a variety of clinical syndromes. They are among the most frequent causes of endemic respiratory disease in young children, but they also cause gastroenteritis and conjunctivitis [1, 2] . Among adults, adenoviral disease typically occurs in epidemics involving military recruits and, occasionally, hospitalized or institutionalized civilians [3] [4] [5] . Fortunately, the majority of these infections are self-limited, with severe or disseminated disease confined to sporadic cases in immunocompromised patients, such as infants, patients with AIDS, and transplant recipients [6] [7] [8] [9] . The ability of adenoviruses to cause severe disease in immunocompetent patients has received increased attention because of recent fulminant cases associated with military and civilian outbreaks [5, 10] . We describe 38-year-old identical twin sisters who became critically ill with type 3 adenoviral pneumonia, and we discuss potential determinants of severe adenoviral disease.
CASE REPORTS
The first sister (patient 1) presented to the hospital on 11 April 2002 with a 12-day history of fever, cough, and severe dyspnea. Her illness started with mild mal-aise, but, on the next day, she developed high fever, productive cough, severe dyspnea, and dull substernal chest pain. Over the next 10 days, her fever and dyspnea worsened despite outpatient antibiotic treatment, and she came to the Parkland Memorial Hospital (Dallas) emergency department and was admitted.
Patient 1 had no significant past medical or surgical history and was taking no medications. On arrival, her heart rate was 130 beats/min, her temperature was 40.5ЊC, and her blood pressure was 160/90 mm Hg. The patient was an obese Hispanic woman in moderate respiratory distress. The findings of a chest examination were notable for left basilar rales, and there was no conjunctivitis, lymphadenopathy, pharyngitis, or rash. Routine laboratory studies revealed profound hypoxia and hyperglycemia with relative leukopenia (table 1) . Posteroanterior and lateral chest radiography revealed consolidation of the lingula and left lower lobe (figure 1). Despite administration of broad-spectrum parenteral antibiotics, her oxygen requirements increased and dyspnea worsened. CT of the chest showed progressive consolidation of the left lower lung fields, and, on the evening of hospital day 5, the patient was moved to the intensive care unit and underwent intubation for acute respiratory distress syndrome. Despite vigorous fluid resuscitation, she developed hypotension with inadequate urine output and necrosis of the fingers of both hands. There were positive results of an assay for indirect fluorescence antibody to adenovirus in endotracheal secretions and bronchoalveolar lavage (BAL) fluid specimens, and adenovirus was isolated from the endotracheal secretions. The results of indirect im- munofluorescence tests for detection of influenza viruses A and B, parainfluenza viruses 1-4, and respiratory syncytial virus were negative. The patient's complement fixation (CF) titer to adenovirus was у1:256 (table 2) , and type-specific indirect fluorescent antibody testing (IFAT) revealed a high and decreasing IgM titer and a high IgG titer. Sputum, BAL, and blood cultures were negative for routine bacteria, fungi, mycobacteria, and Legionella species. The second sister (patient 2) noted the onset of intermittent high fevers and chills ∼7 days after her sister became ill. Five days later, patient 2 noted the onset of severe dyspnea while walking from the hospital garage to visit her sister. She was admitted to the intensive care unit 3 days later with worsening dyspnea and continued fever. She also had no significant past medical history. Patient 2 and her sister lived together and worked in a dry-cleaning establishment; the clothes were collected and sorted on the premises, but the dry cleaning was done elsewhere. Neither of them had any sick contacts or exposure to children, and neither smoked or used illicit drugs. Patient 2 was obese, and the findings of her examination were notable for high fever, tachycardia, and left basilar rales. Laboratory studies revealed profound hypoxia, with hyperglycemia and lymphopenia (table 1) . Chest radiography showed a left lower lobe consolidation (figure 2). Indirect immunofluorescence and, later, culture of nasopharyngeal swab and BAL fluid specimens yielded adenovirus. The results of indirect immunofluorescence tests for influenza virus A and B, parainfluenza viruses 1-4, and respiratory syncytial virus were negative. Her CF antibody titer to adenovirus was undetectable, and antibody to both IgM and IgG was not detectable by IFAT (table 2) . The results of routine sputum, bronchoalveolar lavage, and blood cultures were all negative for routine bacteria, fungi, mycobacteria, and Legionella species.
At the time that patient 2 was admitted to the hospital, patient 1 was gravely ill, and her condition was worsening, despite aggressive support. Because cidofovir has been reported to be effective against adenovirus in transplant recipients [11, 12] , it was decided to administer parenteral cidofovir (3 mg/ kg, adjusted for renal dysfunction, in accordance with the man- ufacturer's instructions). Patient 1's fever abated ∼48 h later, but she remained critically ill, with continued hypoxia and lung infiltrates. Patient 2 was stable while receiving oxygen through a face mask; given the potential renal toxicity, cidofovir therapy was deferred. Unfortunately, patient 2's dyspnea and lung consolidation progressed, and she rapidly developed airway obstruction and hypoxia requiring mechanical ventilation. She was then given cidofovir and, because of her lack of a serologic response, intravenous immunoglobulin, but she died 4 days later of progressive, severe hypoxia with hypotension. Patient 1 was weaned from the ventilator over the next 2 months. Her course was complicated by Staphylococcus aureus pneumonia with cavitation and a spontaneous pneumothorax.
An autopsy of patient 2 revealed grossly congested, consolidated lungs, with histologic evidence of necrotizing bronchiolitis and bronchopneumonia, which was associated with nuclear inclusions and smudge cells typical of adenovirus infection ( figure  3 ). Lung tissue specimens tested positive for adenovirus by culture and immunohistochemical analysis (figure 4). Isolates recovered from both sisters were submitted to the Centers for Disease Control and Prevention (Atlanta) and were identified as serotype 3 by type-specific neutralization [13] . Hexon gene hypervariable region sequences and genomic restriction-fragment patterns were identical for both isolates. When compared with previously published fragment patterns obtained with restriction enzymes BamHI, SmaI, BglI, BglII, BCII, and HindIII, the isolates were found to be similar to genome type Ad3a [14, 15] .
DISCUSSION
Adenovirus is an unusual cause of severe respiratory illness in immunocompetent patients [16] [17] [18] [19] , but comparison with prior reports of fulminant disease reveals common features of the presentation. Although other viral pneumonias are associated with diffuse infiltrates, adenoviral pneumonia frequently presents with focal infiltrates, as seen above [5, 19, 20] . High fever with dyspnea progressing to profound hypoxia and shock over as many as 7 days is also characteristic. Laboratory studies typically reveal relative leukopenia and lymphopenia, which we also observed [6, 20, 21] . As a result, it is frequently impossible to distinguish fulminant adenoviral infection from overwhelming bacterial pneumonia. The bronchial necrosis and smudge cells seen in our patients are typical pathologic findings [1, 5, 22] .
Severe adenoviral disease is well associated with certain defects of host defense. More-prolonged or more-severe disease has been associated with bone marrow transplantation, solid-organ transplantation, and HIV infection [8, 9, 23] , highlighting the importance of cellular immunity in the response to adenoviral infection. Humoral immunity is probably important as well, as evidenced by the immunity conferred by the presence of neutralizing antibody and the success of adenoviral vaccines [3] . The greater morbidity associated with adenoviral infections in infants and children probably reflects the overall importance of specific immunity to the defense against adenoviral infections [7, 24] .
Our patients did not have identifiable immunocompromise other than the presence of mild diabetes. However, although the first sister had a high and decreasing IgM titer and high IgG levels consistent with recent adenovirus infection, the second sister never mounted a serologic response to her infection. The complement fixation test is not type-specific, and most adults have had prior exposure to adenoviruses; however, 10 days into her illness, patient 2 had no detectable anamnestic response to adenovirus. The results of IFAT, which was specific for the virus isolated in this report, were also negative, which means that, even according to this more sensitive test, she had no serologic response. It is possible that the sisters shared as- Figure 3 . Representative histologic section of lung from patient 2. A, Low-power photomicrograph demonstrating the presence of necrotizing exudates containing fibrin, inflammatory cells, and karyorrhectic nuclear debris (hematoxylin-eosin stain; original magnification, ϫ200). B, Same photomicrograph at higher magnification, demonstrating a degenerating, inclusion-bearing nucleus ("smudge" cell; hematoxylin-eosin stain; original magnification, ϫ1000). of-yet undefined abnormalities that compromised their responses to the virus. The ability of adenoviruses to impair cytokine and T cell function and major histocompatability complex (MHC) expression is well described and may result in unique interactions with host genes [25] . Smith et al. [26] suggest that HLA type (which these sisters would have shared) can alter the ability of the adenovirus protein 19K to interfere with MHC I expression. These results were preliminary observations, and much remains unknown, so it is unclear what role slight variations in host genetics play in determining the severity of disease in cases such as ours.
Of the fifty-one known serotypes of adenovirus, relatively few (namely, serotypes 3 and 7, with smaller numbers of types 4, 11, 21, and 35) have been implicated in life-threatening adenoviral pneumonia in adults [2, 5, 16, 18, 19, 21] . The virus identified in this study, type 3a (Ad3a), has been isolated worldwide, and, in the late 1970s and early 1980s, it represented a significant proportion of Ad3 strains circulating in the United States [15, 27, 28] . Unfortunately, little is known about the viral determinants of disease severity. Leland Booth et al. [29] document the ability of type 7 (and not type 5) adenovirus to induce IL-8 production in lung fibroblasts and A549 cells, but the mechanism of this difference and whether it relates to virulence is unknown. Indeed, although the literature on adenovirus genotype distribution and evolution within serotypes 3 and 7 is extensive, to date, the relationship between virulence and genotype has not been explored comprehensively [14, 27, 30] . As a result, whether the twin sisters described here contracted a particularly virulent strain or whether they possessed novel genetic or epidemiologic susceptibility is unknown.
Despite promising in vitro findings, no antiviral medication has been definitively shown to change the course of disease. Ribavirin has had mixed results in case reports about disseminated infection in immunocompromised patients, and ganciclovir has even less literature supporting it [31, 32] . Cidofovir was successful in a stem cell transplant recipient in whom ribavirin had failed [12] , but in an uncontrolled case report, it is impossible to distinguish the natural history of infection from drug-related effect. Another small cases series hinted that cidofovir and donor lymphocyte infusions were more effective than ribavirin and intravenous immunoglobulin [11] . We chose cidofovir for the first sister because cidofovir seemed to be more effective than the alternatives and because her condition was continuing to worsen inexorably despite aggressive support. It is impossible to know whether she responded to the 1 dose of cidofovir. We added intravenous immunoglobulin to cidofovir for the second sister because she had not mounted an antibody response. Although the literature on transplantation suggests that earlier administration of these drugs might be more effective, it is difficult to give an apparently immunocompetent patient a novel and toxic therapy when she is still relatively healthy. Developing new treatments and identifying the patients to treat require a better understanding of the host and pathogen determinants of severe disease. Alternatively, if adenovirus is shown by sensitive measures to be a significant cause of severe sporadic pneumonia, wider use of adenovirus vaccines could prevent significant morbidity and mortality.
In conclusion, we report severe adenoviral pneumonia in identical twin sisters that presented as a gradually progressive lower respiratory disease with fever, focal infiltrates, relative leukopenia, and hypoxia. In both patients, the decline in respiratory status was rapid and relentless, with progression to acute respiratory distress syndrome and shock. Much work is needed to understand better the viral and host determinants of severe disease and to develop effective treatment. 
